continental scales. Urbanization also reaches far beyond the local or regional hinterlands relying on additional land uses including agriculture, forestry, and mining to supply urban populations with ecosystem-derived goods and services. The indirect impacts of urbanization by land uses ancillary to supporting metropolitan regions can also affect non-urban ecosystem services and bring land change to remote rural areas of the continent.
Given diverse histories, cultures, and social-ecological traditions in North American cities, dynamics of urbanization vary widely across the continent. Cities in the U.S. and Canada share a complex pattern of shrinking and/or shifting patterns of population in central parts of the cities coupled with sprawling development in outer suburbs and exurban areas. Predictions for future urbanization patterns range from additional shrinkage in cities with decaying urban cores to rapid expansion in urban regions where new economic centers have been (Pontius et al. 2008 ) . Metropolitan areas often include substantial amounts of natural and semi-natural remnant habitats that are under threat of development or impaired by habitat changes tied to changing land management practices. For example, vacant land is an underutilized yet persistent part of the urban fabric in inner cities and older suburbs (Burkholder 2012 ) . In the U.S., vacant land in cities of more than 100,000 people has historically varied between 19 and 25 % of total land area, while for cities with populations greater than 250,000, vacant land regularly comprises between 12.5 and 15 % of total land area . Research on urban vacant land is growing, but has yet to reveal the value of this signifi cant proportion of urban land area for biodiversity and ecosystem services (but see McPhearson et al. 2013 ) .
Urban areas contain a diverse range of habitats created and managed by homeowners, property managers, and local governments. Biodiversity conservation programs in North American cities are enhanced by a long tradition of urban wildlife and urban forestry programs run by state/provincial and local governments. These programs have resulted in habitat conservation and restoration projects, tree planting and urban greening efforts (McPhearson et al. 2010 ) , and efforts to involve local residents in conservation projects near where they live. For example, the MillionTreesNYC program in New York City, a public-private partnership between the city's Department of Parks & Recreation and the non-profi t New York Restoration Project, will plant one million new trees in the city to expand canopy cover and increase the delivery of related ecosystem services (McPhearson 2011 ) . To date over 650,000 trees have been planted since the program began in 2007 (see Chap. 19 ).
Non-governmental organizations have also been involved in biodiversity conservation programs in North American cities. Their efforts include volunteer-led monitoring and restoration projects, programs promoting conservation practices in yards and gardens, and education and advocacy programs (Connolly et al. 2013 ) . Indeed, urban ecosystems represent unique opportunities to expand urban environmental education (Tidball and Krasny 2010 ; McPhearson and Tidball in press ). In the U.S., extension programs run by state universities provide information on conservation practices to urban residents and to local governments.
Rapid growth, land use, tourism and development, and regional and global demand for natural resources have been altering the land and seascapes of North America, which, combined with Central America, is home to four Biodiversity Hotspots (Myers et al. 2000 ) and the most biologically important desert wilderness areas on Earth. Stretching south from California, U.S. and its unique chaparral and redwood forests toward Panama through woodlands, deserts, and rain forests, North and Central America is rich in unique and threatened wildlife, including black howler monkeys, yellow-headed parrots, California condors, and rodents found nowhere else on Earth.
Urban areas increasingly expand into wild lands (Pickett et al. 2011 ) affecting the biodiversity in these habitats, which often include endemic species and habitats critical for the provisioning of urban ecosystem services. Cities are no longer compact, but rather sprawl in fractal confi gurations (Batty 2008 ) . Indeed, even for many rapidly growing metropolitan areas, suburban zones are growing much faster than other zones (Katz and Bradley 1999 ) . These new forms of urban development including exurbs, edge cities, and housing interspersed in forest, shrubland and desert, bring people possessing urban fi nancial equity, habits, and expectations into daily contact with habitats formerly controlled by agriculturalists, foresters and conservationists (Pickett et al. 2011 ) .
Cities often harbor rich biodiversity, and this is true of North American cities. In New York City for example, 85 % of the diversity of fl ora in New York State exists within the city's municipal boundaries (see Chap. 19 ). However, the composition of urban and suburban ecosystems differ from wild and rural ecosystems. Species richness has increased in urban forests of the U.S. as a whole, but this is largely due to the presence of exotic species (Zipperer et al. 1997 ) . Exotic species often have a large presence in urban vegetation. In the U.S. urban fl ora in general, the proportion of exotics has steadily increased over time (McKinney 2002 ) . Rapoport ( 1993 ) found the number of non-cultivated species decreased from fringe toward urban centers in several Latin American cities. For example, in Mexico City, there was a linear decrease in the number of species per hectare from 30-80 encountered in suburbs to 3-10 encountered in the city center. Paths in rural recreation areas (Rapoport 1993 ) and in urban parks (Drayton and Primack 1996 ) enhance the presence of exotics (Pickett et al. 2011 ) . In an urban park in Boston, of the plant species present in 1894, 155 were absent by 1993, amounting to a decrease from 84 to 74 % native fl ora. Sixty-four species were new. Similar patterns were found in New York City. In a review of historical records of urban fl ora in NYC, as of 2000, 42.6 % of the native plant species have been extirpated (DeCandido et al. 2004 ) .
Urbanization affects biodiversity through direct and indirect changes in biotic interactions and trophic dynamics that affect the viability and distribution of species ( Marzluff 2001 ; Hansen et al. 2005 ) . Land cover change and human activities introduce novel disturbances, chronic stresses, unnatural shapes, and/or new degrees of connectedness (Urban et al. 1987 ) . Ecological studies are showing complex relationships between settlement patterns and selective phenotype trait diversity (Faeth et al. 2005 ) . Such complexity is particularly evident when examining the relationship between urban development and biodiversity across a gradient of urbanization. Marzluff ( 2005 ) showed that bird diversity in the Central Puget Sound region (U.S.) peaks at intermediate levels of human settlement primarily because of the colonization of intermediately disturbed forests by early successional native species, despite the extinction of native forest birds which increases linearly with loss of forest. Intermediate disturbance due to increased landscape heterogeneity appears to drive diversity (Marzluff 2005 ) .
The vast majority of all urban ecological studies so far have been conducted in cities in Europe or North America (Chap. 27 ), yet there is still a lack of experimental approaches, and most urban biodiversity studies have focused on either birds or plants. There is also a lack of long-term data, but two Long-Term Ecological Research (LTER) sites in North America, Baltimore and Phoenix, are generating valuable information on the dynamics of the urban landscape from an ecological and biodiversity perspective (Grimm et al. 2000 ; Pickett et al. 2011 ) . Recent fi ndings from observations in urban ecosystems are showing that new environmental gradients and novel ecosystem functions emerge from complex human-natural interactions, indicating the need to revisit traditional concepts and methods for studying biodiversity and ecosystem function in urbanizing regions (Alberti 2010 ) .
Long-term study of urban systems can serve as model systems for examining the interaction of social and biophysical patterns and processes more broadly (Collins et al. 2001 ; Redman et al. 2004 ). In addition, many of the changes in urban areas anticipate the otherwise unprecedented alterations that will follow global environmental change in other ecosystems (Grimm et al. 2008 ) . As urbanization continues to expand, city planners and policymakers need to consider how ecological resources can be strategically developed and managed sustainably to meet the needs of urban populations . Developing a blueprint for mapping and modeling biodiversity and ecosystem services (Crossman et al. 2013 ) in urban regions will be important for cross-city comparisons and more nuanced understanding of the contribution of urban ecosystems to human livelihoods in cities and urbanized regions (see Chap. 10 ).
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